Introduction
Chronic obstructive pulmonary disease (COPD), characterized by progressive and persistent airflow limitation, 1−3 is associated with high economic burden, 4 with $29.5 billion spent on direct costs annually.
2 Prior research has documented that COPD exacerbations can be the key drivers of health care expenditures 5, 6 accounting for approximately 70% of all direct costs. 7, 8 Often, co-occurring chronic conditions among individuals with COPD may be associated with frequent COPD exacerbations. 9 Specifically, gastroesophageal reflux disease (GERD), a highly prevalent co-occurring condition among individuals with COPD, 10 can lead to frequent COPD exacerbations.
11 −15 A systematic review, with meta-analysis of randomized controlled trials and observational studies, found that the presence of GERD is an independent and significant predictor of COPD exacerbations 15 and that individuals with COPD and GERD had seven times the risk of experiencing COPD exacerbations as compared with those with COPD but no GERD (relative risk [RR] =7.57; 95% confidence interval [CI]: 3.84−14.94). 15 Therefore, the presence of GERD can lead to higher health care utilization and expenditures compared with those with COPD and no GERD. Researchers, using the National Health Insurance Database of Korea, have reported that among nonelderly and elderly individuals, those with COPD and GERD had an increased likelihood of hospitalizations (adjusted odds ratio [OR] 1.54, 95% CI: 1.50−1.58) and emergency room (ER) visits (OR 1.55, 95% CI: 1.48−1.62) as compared with those with COPD but no GERD. 16 However, to date, no study has estimated the excess health care expenditures associated with GERD among elderly individuals with COPD. It is important to conduct research among the elderly as COPD prevalence rates are twice as high among elderly individuals (.65 years) as compared with young adults (45−64 years). 17, 18 In addition, multiple chronic conditions are the norm rather than the exception among the elderly individuals with COPD. 19 Furthermore, it is important to understand the factors associated with excess health care expenditures among individuals with COPD and GERD so as to develop clinical and programmatic interventions to reduce health care expenditures.
Therefore, the primary objective of the study was to estimate the excess health care expenditures associated with GERD among elderly individuals with COPD and examine the extent to which predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment explain the excess expenditures associated with GERD among elderly individuals with COPD.
Methods study design
This study adopted a cross-sectional study design with retrospective observational data to examine excess health care expenditures associated with GERD among elderly individuals with COPD.
Data source
The data for this study were derived from the nationally representative survey of Medicare beneficiaries, Medicare Current Beneficiary Survey (MCBS). The MCBS is a continuous, multipurpose survey of a nationally representative sample of aged, disabled, and noninstitutionalized Medicare beneficiaries. 20 The MCBS consists of two modules: 1) "access to care" and 2) "cost and use." For this study, we used the cost and use module that contains information regarding health care use, prescription drug use, and personal health care practices for all the Medicare beneficiaries. Additionally, the MCBS provides detailed information on expenditures and sources of payment for all services used by Medicare beneficiaries, including copayments, deductibles, and noninsured services.
To ensure adequate sample size, the current study pooled cross-sectional annual releases of the cost and use files for the years 2006-2009. As the years were pooled, the study sample represents person-years rather than persons. However, we use the term Medicare beneficiaries rather than person-year for ease of presentation.
analytical sample
Identification of elderly with chronic obstructive pulmonary disease Elderly Medicare beneficiaries aged .65 years with COPD were identified using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for chronic bronchitis (491.xx) or emphysema (492.xx) or unspecified chronic airway obstruction (496.xx). These diagnosis codes have been utilized in published research to identify individuals with COPD and to evaluate their health outcomes. 21−23 Use of one or more hospitalizations and one or more outpatient encounters with COPD diagnosis has been found to have a sensitivity of 85.0% (95% CI: 77.0−91.0) and specificity of 78.4% (95% CI: 73.6−82.7). 24 For the current study, individuals with at least one inpatient visit or two outpatient visits (14 days apart) with COPD codes were considered to have diagnosed COPD.
Additional inclusion criteria were: community-dwelling, fee-for-service Medicare benef iciaries with full-year 25 As expenditures data were skewed to the right, we transformed expenditures to a natural logarithmic scale, and used log-transformed expenditures as the dependent variable in the regression analyses.
Key independent variable: gerD (yes/no)
A binary indicator variable for the presence or absence of GERD was used as the key independent variable. For the ease of presentation, individuals with GERD are referred as the "COPD/GERD" group and those without GERD are referred as the "COPD/no GERD" group. Elderly Medicare beneficiaries with GERD were identified using inpatient/ outpatient claims with ICD9 CM codes: 530.81 (esophageal reflux, which includes gastroesophageal reflux) and 530.1x (reflux esophagitis, which includes abscess of esophagus; esophagitis due to a nitric oxide synthase, chemical, peptic, postoperative, or regurgitant cause). These codes have been used in prior research for identifying GERD from administrative claims data. 26 
Other independent variables
To identify the factors that contributed to the excess health care expenditures associated with COPD/GERD, the Anderson health care behavior/utilization model was used. 27 Based on this model, independent variables were grouped into: predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment. 
statistical analysis
Unadjusted subgroup differences by the presence or absence of GERD were tested using chi-square tests of independence. As well, t-tests were used to examine statistically significant differences in average health care expenditures among the GERD and no GERD groups. To understand the association between GERD status and log-transformed health care expenditures, multivariable ordinary least squares (OLS) regressions were used. In these regressions, health care expenditures was the dependent variable, and the independent variables were predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment. For continuous variables, the parameter estimates obtained from the OLS regressions were exponentiated and interpreted as the percent change for each unit change in the independent variable. For the categorical variables, percent change in expenditure was calculated by the formula exp
28 All analyses were conducted using survey procedures within statistical analysis system software (SAS  version 9.3; SAS Institute Inc., Cary, NC, USA).
Blinder−Oaxaca decomposition analyses
The Blinder−Oaxaca decomposition analyses, a wellaccepted regression-based technique, was used to explain the extent to which predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment contributed to differences in average health care expenditures by GERD status. 29, 30 Using this approach, the difference in average health care expenditures between COPD/GERD and COPD/no GERD was divided International Journal of COPD 2014:9 submit your manuscript | www.dovepress.com
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ajmera et al into two parts: an explained and unexplained portion. The explained portion, also referred to as "characteristics effect," represented differences in average expenditures due to differences in observed characteristics between the two groups (GERD and no GERD). In other words, the explained portion assessed how much of the differences in average expenditures between "COPD/GERD" and "COPD/no GERD" could be attributed to differences in predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment between the two groups.
The unexplained portion, also referred to as "coefficients effect," represented differences in average expenditures that could not be explained, either because of differences in unobserved or unmeasured characteristics between the two groups (COPD/GERD and COPD/no GERD) or differences in regression coefficient estimates between the two groups.
The explained portion was calculated by multiplying the difference in average characteristics between the COPD/ GERD and COPD/no GERD groups with regression weights. Alternative ways of estimating regression weights have been proposed by Blinder and Oaxaca, 29, 30 Cotton, 31 Neumark, 32 Oaxaca and Ransom, 33 and Reimers. 34 In this study, the explained portion was calculated by multiplying the differences in average characteristics between the COPD/GERD and COPD/no GERD groups, using three different regression weights as proposed by Blinder and Oaxaca, and Neumark: 1) coefficients of the characteristics from the regression model using data of individuals with COPD/GERD (GERD weights); 29, 30 2) coefficients of the characteristics from the regression model using data of individuals with COPD/no GERD (COPD weights); and 3) coefficients of the characteristics from the regression model using data from both COPD/ GERD and COPD/no GERD individuals (pooled weights). 32 The pooled regression model did not include GERD status as one of the independent variables in the regression model. Therefore, the explained portion can vary depending on whether GERD weights, COPD weights, or pooled weights were used.
Results
In this study sample, 29.3% of the elderly Medicare beneficiaries with COPD had co-occurring GERD. The comparison of beneficiary characteristics among individuals with COPD/ GERD and COPD/no GERD (presented in Table 1 ) did not reveal any statistically significant differences in predisposing characteristics, enabling resources, personal health care practices, or external environment. However, differences in Table 2 presents the comparison of average health care expenditures among individuals with COPD/GERD and COPD/ no GERD. For ease of interpretation, we also calculated the "ratio of means," obtained by dividing the average health care expenditures of the COPD/GERD group by the average health care expenditures of the COPD/no GERD group. Among all elderly Medicare beneficiaries, those with COPD/ GERD had 1.5 times higher ($36,793 vs $24,722 [P,0.001]) expenditures than did beneficiaries with COPD/no GERD. Statistically significant differences in average health care expenditures among the COPD/GERD and COPD/no GERD groups were obtained for each of the beneficiary characteristics. The average health care expenditures for COPD/GERD group were significantly greater for all groups except the Whites, African Americans, Latinos, and those with income greater than 400% FPL. The ratio of means ranged from as high as 1.69 (CCI =1) to as low as 1.12 (poverty status $400% FPL). Table 3 summarizes the results from separate OLS regression models on average log-transformed health care expenditures among the COPD/GERD and COPD/no GERD groups. The bottom panel of the table also presents the intercept, parameter estimate and significance of the 
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ajmera et al the differences in average log transformed health care expenditures between the two groups using pooled weights. This can be interpreted as follows: keeping all the factors same, if COPD/GERD group had a similar distribution of CCI score as compared to those with COPD/no GERD, the average log-transformed health care expenditures would decrease by 0.114 units. The presence of depression and/or anxiety contributed 0.05 units (9.7%) to the explained portion. If COPD/ GERD group had similar rates of depression and/or anxiety as the COPD/no GERD group, the difference in average logtransformed expenditures would be reduced by 0.05 units. Predisposing characteristics, enabling resources, personal health practices and external environment contributed to a very small portion (2.5%) of explained portion of the differences in average log-transformed health care expenditures. Similar findings were observed when COPD weights and GERD weights were used. When GERD weights were used, the CCI score contributed to 17.5% of the explained portion of the difference in average log-transformed health care expenditures; whereas, when COPD weights were used, the CCI score contributed to 23.6% of the explained portion of difference in log-transformed average expenditures between the two groups.
Discussion
This study examined the excess health care expenditures associated with GERD among elderly Medicare beneficiaries with COPD, using a nationally representative survey linked to Medicare fee-for-service claims. In this study, the overall prevalence of GERD was 29.3%. Although no study has specifically examined the prevalence of GERD in elderly individuals with COPD, our estimates are somewhat consistent with those reported in a review (ranging from 30% to 60%) of the literature on extrapulmonary comorbidities in COPD. 10 Even after controlling for predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment, the presence of GERD was associated with 36% higher (P,0.001) health care expenditures. The excess expenditures associated with GERD status can be due to several factors. Previous studies have suggested that the presence of GERD among individuals with COPD aggravated respiratory infections 35 and increased the risk of COPD-related exacerbations, 12, 15, 16, 36 which may lead to higher health care expenditures. Conversely, common COPD manifestations, such as lung hyperinflation, can also complicate GERD symptoms, 37, 38 leading to higher expenditures The presence of GERD may also increase other complications, COPD/GERD indicator variable, which was obtained from a pooled OLS regression on average log-transformed health care expenditures. As seen from the bottom panel, the presence of GERD was associated with greater expenditures. Elderly Medicare beneficiaries with COPD/GERD had 36.3% exp (β) − 1 (P,0.001) higher expenditures than did those with COPD/no GERD.
Blinder-Oaxaca linear decomposition analysis
The results from the postregression Blinder-Oaxaca linear decomposition analysis are summarized in Table 4 . The average log-transformed health care expenditure for the COPD/GERD group was 10.165 units; the corresponding figure for COPD/no GERD was 9.651 units. This represented a difference of 0.514 units in average log-transformed health care expenditures. Using GERD weights, of this difference, it was found that differences in predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment only explained 0.16 units. This represented 30.95% of the differences in average log-transformed health care expenditures. Using pooled weights, a 0.22-unit difference was explained by differences in beneficiary characteristics. Thus, the explained portion represented (0.22/0.51) 42.39% of the differences in average log-transformed health care expenditures between the two groups. When COPD weights were used, 0.29 units were due to differences in beneficiary characteristics between the two groups. This represented 43.56% of the differences in average log-transformed health care expenditures.
Further examination of the decomposition results revealed that differences in CCI score explained 22.2% of such as chest pain, chronic cough, and sinusitis, 39 that may increase overall health care expenditures.
The current study also used the unique Blinder-Oaxaca linear decomposition technique, to examine the extent to which the differences in predisposing characteristics, enabling resources, need variables, personal health care practices, and external environment explained the difference in average health care expenditures between the two groups (COPD/GERD and COPD/no GERD). Need variables (CCI, perceived health status, anxiety, and depression) primarily explained the difference in average log-transformed health care expenditures between the two groups. The findings from this study highlight the role of comanagement of chronic conditions among elderly individuals with COPD. Multimorbidity, defined by the presence of two or more coexisting chronic conditions, is a major challenge among elderly individuals. 40, 41 In this context, our study strengthens the need for developing clinical practice guidelines for comanagement of multiple chronic conditions. Additionally, the findings from this study highlight the importance of emerging health care delivery models, such as "medical homes," in reducing health care expenditures. These models emphasize care-coordination for management of the elderly Medicare beneficiaries with multiple chronic conditions, to improve outcomes. In addition, the recently introduced chronic care management and fiscal incentives for providing care to elderly with multiple chronic conditions may lead to reduced health care expenditures. 42 A noteworthy finding of our study is that more than 50% of the difference in average log-transformed health care expenditures between the two groups remained unexplained. It is plausible that some portion of this difference could be due to unmeasured factors related to COPD and GERD, such as medication adherence, severity of COPD, severity of GERD, symptomatology, health beliefs, and propensity to seek care. Therefore, future research needs to evaluate the contributions of such factors in assessing excess health care expenditures among elderly individuals with COPD and GERD.
Our study has many advantages and some limitations. The advantages include the use of a nationally representative survey of elderly Medicare beneficiaries linked to their fee-for-service claims data, the clinical diagnosis of COPD and GERD using validated ICD-9-CM codes, 24, 43 the large sample size, and the comprehensive set of independent factors that can influence health care expenditures. It could be suggested that the identification of individuals with COPD using
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health care expenditures associated with gerD among elderly with COPD ICD-9-CM diagnoses codes may not be the most accurate method; however, the ICD-9-CM codes used in this study have been previously validated and also utilized in several prior studies. 24 This study also used a unique Blinder−Oaxaca linear decomposition technique to identify the factors that contribute to excess health care expenditures. 29, 30 A limitation of this study was the lack of information on the severity and duration of COPD and GERD. However, the current study adjusted for perceived health status, which would serve as a proxy for overall disease severity. Also, although the decomposition technique is important in quantifying the contribution of each factor in explaining the difference in average health care expenditures, it cannot point to the underlying mechanisms behind the differences in health care expenditures. In addition, the findings from this study can only be generalizable to community-dwelling, fee-for-service Medicare enrollees.
Conclusion
In conclusion, this is the first study to assess excess health care expenditures associated with GERD among elderly individuals with COPD, using a nationally representative survey linked to Medicare fee-for-service claims. Individuals with co-occurring COPD/GERD had significantly higher total health care expenditures than did those with COPD/no GERD, even after controlling for a comprehensive set of independent variables. Blinder−Oaxaca linear decomposition revealed that the CCI score, perceived health status, anxiety, and depression explained the major portion of the differences in average total health care expenditures between the two groups. This finding suggests that comprehensive and coordinated health care management of individuals with co-occurring COPD and GERD may be necessary, to reduce excess health care expenditures associated with GERD.
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